
CHAPTER 4 

WASTEWATER CHARACTERISTICS 

4.1 Introduction 

The effective management of any wastewater flow requires a reasonably 
accurate know1 edge of i t s  characteristics. T h i s  i s  particul ar ly  true 
for wastewater flows from rural residential dwellings, commercial estab- 
1 i shments and other facil i t ies where individual water-usi ng activities 
create an intermittent flow of wastewater t h a t  can vary widely i n  volume 
and degree of pol 1 u t ion .  Detail ed characterization da ta  regarding these 
flows are necessary n o t  only t o  facil i tate the effective design o f  
wastewater treatment and disposal systems, b u t  a lso t o  enable the de- 
velopment and application of water conservation and waste load reduction 
strategies. 

For existing developments, characterization of the actual wastewaters t o  
be encountered may often times be accomplished. However, fo r  many exis- 
t i n g  developments, and for almost any new development, wastewater char- 
acteristics must be predicted. The purpose of this  chapter i s  t o  
provide a basis for  characterizing the wastewater from rural develop- 
ments. A detail ed discussion of the characteristics of residential 
wastewaters is presented first,  followed by a limited discussion of the 
characteristics o f  the wastewaters generated by nonresi denti a1 estab- 
1 ishments, including those o f  a commercial, ins t i tu t iona l  and recrea- 
t ional nature. F ina l ly  , a general procedure for  predicting wastewater 
characteristics for  a given residential dwell i n g  o r  nonresidential 
establishment is  given. 

4.2 Resi den ti a1 Wastewater Charac teri sti cs 

Residential dwellings exist i n  a variety of forms, including single- and  
mu1 ti -fami ly househol ds,  condomi n i  urn homes, apartment houses and 
cottages or resort residences. In a l l  cases, occupancy can occur on a 
seasonal or year-round basis. The wastewater discharged from these 
dwell i ngs i s compri sed of a number of i ndi vi dual wastewaters, generated 

, through water-usi ng acti v i  ti es empl oyi ng a variety of p l  umbi ng f i  xtures 
and appliances. The characteristics of the wastewater can be influenced 
by several factors. Primary influences are the characteristics o f  the 
plumbing fixtures and appliances present as well a s  their frequency of 
use. Addi t i  onal ly, the characteristics of the resi di ng family i n terms 
of number of family members, age levels, and mobility are  important as 
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i s the overall socioeconomic s ta tus  of the family . The characteri sti cs 
of the dwell i ng i tsel  f , i ncludi ng seasonal or yearly occupancy, 
geographic 1 ocati on, and method of water supply and wastewater disposal , 
appear as addi ti  onal , b u t  1 esser, i nfl uences. 

4.2.1 Wastewater Flow 

4.2.1.1 Average Daily Flow 

water flow from a typical residential dwel l ing  is  
capi ta/day ( gpcd) (170 1 i ters/capi ta/day [l pcdl) 
e average daily flow experienced a t  one residence 

pared to  t h a t  of another can vary considerably, i t  i s  typically no 
d (227 lpcd) and seldom exceeds 75 gpcd (284 lpcd) 

4.2.1.2 Individual Activity Flows 

dividual wastewater generating ac t iv i t i e s  w i t h i n  a residence are 
i l d i n g  blocks tha t  serve to  produce the total  residential  waste- 

e average character is t ics  of several major residen- 
i v i t i e s  are presented i n  Table 4-2. A water-using 
under the category of miscellaneous i n  this table ,  
a1 comment, i s  water-softener backwash/regeneration 

softener regeneration typically occurs once or twice a 
u t  30-88 gal (114 t o  333 1 )  per regeneration cycle 

apita basis, water softener flows have been shown 
gpcd (19 lpcd),  ranging from 2.3 t o  15.7 gpcd (8.7 t o  

.1.3 Wastewater Flow Variations 

tent occurrence of individual wastewater-generating act ivi-  
large variations i n  the wastewater flow ra t e  from a resi-  

a. Minimum and Maximum Daily Flows 

water flow from a specific residential dwell ing i s  typ- 
0% and 300% of the average daily flow a t  t ha t  dwelling, 
j o r i t y  w i t h i n  50 and 150% of the average day. A t  the 
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FIGURE 4-1 

FREQUENCY DISTRIBUTION FOR AVERAGE D A I L Y  
RE SI DENT I AL WATER USE /WASTE FLOWS 

Flow Values Less than or Equal t o  Stated Flow Value (%) 
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Acti v i  ty 

Toilet Flush 

Bathi ng 

C1 otheswashi ng 

D i  s hwa s h i  ng 

Garbage Gri ndi  ng 

M i  scel 1 a neous 

Total 

TABLE 4-2 

RESIDENTIAL WATER USE BY ACTIVITYa 

Gal /use Uses /cap /day 

4.3 3.5 
4.0 - 5.0 2.3 - 4.1 
24.5 0.43 

21.4 - 27.2 0.32 - 0.50 
37.4 0.29 

33.5 - 40.0 0.25 - 0.31 
8.8 0.35 

7.0 - 12.5 0.15 - 0.50 
2.0 0.58 

2.0 - 2.1 0.4 - 0.75 

gpcdb 

16.2 
9.2 - 20.0 

9.2 
6.3 - 12.5 
10.0 

7.4 - 11.6 
3.2 

1.1 - 4.9 
1.2 

0.8 - 1.5 
6.6 

5.7 - 8.0 
45.6 

41.4 - 52.0 

a Mean and ranges of results reported i n  (4)(5)(6)(7)(10). 

b gpcd may not equal gal/use multiplied by useslcap/day due t o  
difference i n  the number o f  study averages used t o  compute the 
mean and  ranges shown. 
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extreme, however, m i n i m u m  and maximum daily flows of 0% and 900% of the 
average daily flow may be encountered ( 2 )  (3 )  (12) .  

b. Minimum and Maximum Hourly Flows 

Minimum hourly flows of zero are typical. Maximum hourly flows are  more 
d i f f i c u l t  to quantify accurately. Based on typical f ix ture  and appl i- 
ance usage character is t ics ,  as well as an analysis of residential  water 

m hourly flows of 100 gal/hr (380 l / h r )  can occur 
s i n  excess of this can occur due t o  pl umbing f i x -  
suse or malfunction (e.g., faucet l e f t  on or  worn 

I 

c. Instantaneous Peak F1 ows 

rom a residential dwelling i s  a function of the 
fixtures and appliances present and their posi- 

the overall plumbing system layout. The peak discharge r a t e  
n fixture/appl iance is  typically around 5 gal/minute (gpm) 
sec),  w i t h  the exception of the tank-type water c lose t  which 

flow of up to  25 gpm (1.6 l / sec) .  The use .of 
ances simultaneously can increase the total  flow 
fixtures/appliances. However, attenuation occur- 

e residential  drainage network tends to  decrease the peak flow 
he sewer e x i t i n g  the residence. 

d data are  limited, peak discharge ra tes  from a single- 
ng of 5 t o  10 gprn (0.3 t o  0.6 l / sec)  can be expected. For 
units, peak ra tes  i n  excess of these values commonly occur. 

of the peak f low i n  these cases can be obtained us ing  
method described i n  Section 4.3.1.2. 

astewater Qual i ty  

1 Average Daily Flow 

of typical residential wastewater are out1 ined i n  
daily mass loadings and poll utant concentrations. 
cterized i s  typical o f  residential  dwel l ings  

rd  water-usi ng fixtures and appl iances (excl udi ng 
collectively generate approximately 45 gpcd (170 
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TABLE 4-3 

CHARACTER I ST IC S OF TY P IC AL RES I DENT I AL WA STEW ATE Ra 

Parameter 

Total Solids 

Mass Loading 
gm/caplday 

115 - 170 

Concentration 
m?3 1'1 

680 - 1000 

Volatile Solids 65 - 85 380 - 500 

Suspended Soli ds  35 - 50 200 - 290 

Volati 1 e Suspended Sol i ds  25 - 40 150 - 240 

BOD5 35 - 50 200 - 290 

Chemical Oxvsen Demand 115 - 125 680 - 730 
-I 

Total Nitrogen 6 - 17 35 - 100 

1 - 3  6 - 18 Ammoni a 

Nitrites and Nitrates (1 (1 

Tota 1 Phosphorus 3 - 5  18 - 29 

Phosphate 1 - 4  6 - 24 

Total Coli formsb - 1010 - 1012 
Fecal Col i f ormsb 108 - 1010 

a For typical resi denti  a1 &el 1 i ngs equ ipped  w i  t h  s tandard water-usi ng 

Based on the results presented i n  
f i  xtures and appliances (excludi ng garbage di sposal s 1 generating 
approximately 45 gpcd (170 lpcd) .  

Concentrations presented i n organi sms per 1 i te r .  

I (5)  (6) ( 7 )  (10) (13). 
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4.2.2.2 In d i v i dual Ac ti v i ty Con t r  1' b u t  i on s 

Residential water-using ac t iv i t i e s  contribute varying amounts of pol l u -  
t an t s  t o  the total  wastewater flow. The individual ac t iv i t i e s  may be 
grouped into three major wastewater fractions: (1) garbage disposal 
wastes, (2) t o i l e t  wastes, and (3) sink, basin, and appliance waste- 
waters. A summary of the average contribution o f  several key pollutants 
i n  each of these three fractions i s  presented i n  Tables 4-4 and 4-5. 

With  regard to  the microbiological character is t ics  o f  the individual 
waste fractions,  studies have demonstrated tha t  the wastewater from 

appliances can contain s ignif icant  concentrations of 
as total  and fecal coliforms (14)(15)(16)(17). 

concentrations of these organisms have been used t o  
t ion of a water or wastewater by pathogenic organ- 

s. One assumes, therefore, t h a t  these wastewaters possess some po- 
t i a l  for  harboring pathogens. 

4.2.2.3 Wastewater Quality Variations 

vidual water-using ac t iv i t i e s  occur intermittently and contri- 
ng quantit ies of pollutants, the strength of the wastewater 
from a residence fluctuates w i t h  time. Accurate quantifica- 

these fluctuations is  impossible. An estimate of the type o f  
ions possible can be derived from the pollutant concentration 
ion presented i n  Table 4-5 considering tha t  the ac t iv i t i e s  
occur i ntermi tten tl y 

i den ti  a1 Wastewater Charac t e r i  s t i c  s 

opulation, as well as  the transient population moving through 
areas, i s  served by a wide variety of isolated commercial 

and f a c i l i t i e s .  For many establ ishments, the wastewater- 
rces are suff ic ient ly  similar t o  those i n  a residential  
residential wastewater character is t ics  can be appl ied. 

ablishments, however, the wastewater character is t ics  can be 
different  from those of a typical residence. 

t i c  wastewater 1 oadings for  "typical " non-residen- 
i s  a very complex task due t o  several factors. 
a t ively 1 arge number of diverse establ i shment cate- 
restaurants,  drive-in theaters,  e tc . ) .  The inclu- 

diverse establishments w i t h i n  the same category 
for  1 arge variations i n  waste-generating sources 
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TABLE 4-4 

Parameter - 
Basins, 
Sinks, 

Appliances 
Garbage 
D i  sposa 9 

Approximate 
Tota 1 - Toi 1 e t  - 

BOD5 18.0 
10.9 - 30.9 

16.7 
6-9 - 23.6 

28.5 
24-5 - 38.8 63.2 

Suspended 
SO1 i ds  

26.5 
15.8 - 43.6 

27.0 
12.5 - 36.5 17.2 

10.8 - 22.6 
70.7 

Nitrogen 0.6 
0.2 - 0.9 

8.7 
4-1 - 16.8 

1.9 
1.1 - 2.0 

11.2 

Phosphorus 0.1 
0.1 - 0.1 

1.2 
0.6 - 1.6 

2.8 
2.2 - 3.4 4.0 

TABLE 4-5 

POLLUTANT CONCENTRATIONS OF MAJOR RESIDENTIAL 
WASTEWATER FRACTIONSa (mg/l) 

Garbage 
Di sposal Parameter 

Basins, Sinks, 
Appliances Toi 1 e t  - Combined 

Wastewater 

BOD5 

Suspended 
Sol i ds 

2380 

3500 

280 

450 

260 

160 

360 

400 

N i  t rogen 79 140 

Ph osp horu s 13 20 

17 

26 

63 

23 

a Based on the average results presented i n  Table 4-4 and the 
following wastewater flows: Garbage disposal - 2 gpcd (8 l p c d ) ;  
t o i l e t  - 16 gpcd (61 l p c d ) ;  basins ,  sinks and appl iances  - 29 gpcd 
(110 IPcd) ;  t o t a l  - 47 gpcd (178 Ipcd) .  
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and the resul tant  wastewater characterist ics.  Further, many intangible 
influences such a s  location, popularity, and price may produce substan- 
t i a l  wastewater variations between otherwise similar establ ishmerits. 
Finally, there i s  considerable d i f f icu l ty  i n  presenting characterization 
data i n  u n i t s  of measurement tha t  are  easy t o  apply, ye t  predictively 
accurate. (For example, a t  a restaurant, wastewater flow i n  gal /seat  i s  
easy t o  apply t o  estimate total  flow, b u t  i s  less accurate than i f  
gal /meal served were used. 1 

In t h i s  section, 1 imited characterization data for  nonresidential estab- 
lishments, including commercial establishments, inst i tut ional  f a c i l i -  
t i e s ,  and recreational areas, are  presented. These da ta  are  meant to  
serve only as a guide, and as such should be applied cautiously. Wher- 
ever possible, characterization data for  the particular establishment i n  
question, or  a similar one i n  the vicini ty ,  should be obtained. 

4.3.1 Wastewater Fl ow 

4.3.1.1 Average Daily Flow 

1 daily flows from a variety of commercial, ins t i tu t iona l ,  and 
tional establishments are presented i n  Tables 4-6 t o  4-8. 

4.3.1.2 Wastewater F1 ow Variation 

stewater flows from nonresidential establishments are  subject t o  
uctuations w i t h  time. While d i f f i c u l t  t o  quantify accurately, an 
e of the magnitude of the fluctuations, including minimum and 

flows on an hourly and daily basis,  can be made i f  consideratfon 
to  the character is t ics  of the water-using f ixtures  and appli- 

and to  the operational character is t ics  of the establ ishment 
f operation, patronage fluctuations, e tc .  1. 

ewater flows can be estimated uti1 izing the fixture-unit method 
As original ly  developed, this method was based on the premise 

r normal usage, a given type of fixture had an average flow 
duration of use (21)(22) .  One fixture u n i t  was a rb i t r a r i l y  s e t  
a flow ra t e  of 7.5 gpm (0.5 l / sec)  , and various fixtures were 
a certain number of f ixture  units based upon the i r  par t icular  

t i c s  (Table 4-9). Based on probability studies,  relation- 
developed between peak water use and the total  number of f i x -  
present (Figure 4-2). 
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TYPICAL WASTEWATER Fl 

Source 

Airport 

Au tomobi 1 e Servi ce Sta ti  on 

0a r 

Hotel 

Industrial B u i l  d ing  
(excl ud i  ng i ndustry and 
cafeteria.) 

Laundry (sel f -servi ce ) 

Motel 

Motel with K i  tchen 

O f  f i  ce 

Res tau r a n t  

Roomi ng House 

Store, Department 

Shopping Center 

TABLE 4 

.OMS FROM 

U n i t  - 

Pa s se nger 

-6 

COMME 

Vehi cl e Served 
Empl oyee 

Customer 
Employee 

Guest 
Employee 

Empl oyee 

Ma chi ne 
Wash 

Person 

Person 

Empl oyee 

Mea 1 

Resi dent 

Toilet room 
Empl oyee 

Parki ng Space 
Empl oyee 

RC IAL SOURCE 

Ma 
Rang 

S (18) 

stewa ter F1 
le - TY F 

gpd/uni  t- 

2.1 - 4.0 

7.9 - 13.2 
9.2 - 15.8 

1.3 - 5.3 
10.6 - 15.8 

39.6 - 58.0 
7.9 - 13.2 

7.9 - 17.2 

475 - 686 
47.5 - 52.8 

23.8 - 39.6 

50.2 - 58.1 

7.9 - 17.2 

2.1 - 4.0 

23.8 - 50.1 

423 - 634 
7.9 - 13.2 

0.5 - 2.1, 
7.9 - 13.2 

10.6 
13.2 

2.1 
13.2 

50.1 
10.6 

14.5 

580 
50.1 

31.7 

52.8 

14.5 

2.6 

39.6 

528 
10.6 

1.1 
10.6 

60 



TABLE 4-7 

TYPICAL WASTEWATER FLOWS FROM INSTITUTIONAL SOURCES (18) 

Source 

Hospi t a l  , Medical 

Hospital, Mental 

' i a ,  Gym, 

Lia Only 
!teria, Gym, 

U n i t  - 

Bed 
Empl oyee 

Bed 
Empl oyee 

Inmate 
Empl oyee 

Resi dent  
Empl oyee 

Student 
Stu dent 

Student 

Student 

Wastewater Flow 
Range Typi cal  

gpd/uni t 

132 - 251 
5.3 - 15.9 

79.3 - 172 
5.3 - 15.9 

79.3 - 159 
5.3 - 15.9 

52.8 - 119 
5.3 - 15.9 

15.9 - 30.4 
10.6 - 21.1 

5.3 - 17.2 

52.8 - 106 

172 
10.6 

106 
10.6 

119 
10.6 

92.5 
10.6 

21.1 
15.9 

10.6 

74.0 
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TYPICAL 

Source - 
Apa r tmen t , Resort 

Cabin,  Resort 

Cafeteria 

TABLE 4-8 

WASTEWATER FLOWS FROM RECREATIONAL 

Campground (devel oped) 

Cocktai 1 Lounge 

Coffee Shop 

Country Club  

Day Camp (no meals) 

D i n i n g  Hall 

Dormitory, Bunkhouse 

Hotel, resort 

Laundromat 

Store Resort 

Swi mmi ng Pool 

Theater 

V i  si tor Center 

U n i t  - 
Person 

Person 

Customer 
Empl oyee 

Person 

Seat 

Customer 
Empl oyee 

Member Present 
Empl oyee 

Person 

Meal Served 

Person 

Person 

Machi ne 

Customer 
Employee 

Cu s tomer 
Emp 1 oyee 

Seat 

V i  si tor 
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SOURCES (18) 

Wastewate, 

gpdhna’  
Range 

52.8 - 74 
34.3 a - 50.2 

1-1 - 2.6 
7-9 - 13.2 

21-1 - 39.6 

13.2 - 26.4 

4.0 - 7.9 
7.9 - 13.2 

66.0 - 132 
10.6 - 15.9 

10.6 - 15.9 

4 - 0  - 13.2 

19.8 - 46.2 

39.6 - 63.4 

476 - 607 

1 - 3  - 5.3 
7.9 - 13.2 

5.3 - 13.2 
7.9 - 13.2 

2.6 - 4.0 

4.0 - 7.9 

106 
13.2 

13.2 

7.9 

39.6 

52.8 

581 

2.6 
10.6 

10.6 
10.6 

2.6 

5.3 

. .  . . . .  . . . -- -- - . . 



TABLE 4-9 

FIXTURE-UNITS PER FIXTURE (19)  

Fixture Type 

One bathroom group consi st i  ng of tank-operated water 

Bathtub ( w i  t k  or without overhead shower) 
B i  det 
Combi na ti  on s i  nk -a nd-tray 
Combi nation s i  nk-and-tray w i  t h  food-di sposal u n i  t 
Dental u n i t  or cuspidor 
Dental lavatory 
D r i n k i n g  fountai n 

c loset ,  lavatory, and bathtub or shower s t a l l  

chen s i n k ,  domestic 
chen sink, domestic, w i t h  food waste 

s (group) per head 

h i  ng rim ( w i t h  Val vel 
ice ( t rap standard) 
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grinder 

!t o f  faucets 

Fi  xture-Uni t s  

6 
2 
3 
3 
4 
1 
1 

1/2 
2 
1 
2 
3 
1 
2 
2 
2 
2 
2 
3 

3 
8 
3 
2 
4 
8 
4 
4 
2 
2 
4 
8 
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4.3.2 Wastewater Quality 

The qual i ta t ive  character is t ics  of the wastewaters generated by non- 
residential  establishments can vary significantly between different 
types of establishments due t o  the extreme variation which can ex i s t  i n  
the waste generating sources present. Consideration o f  the waste-gen- 
erating sources present a t  a particular establishment can give a general 
idea of the character o f  the wastewater, and serve to  indicate i f  the , 
wastewater will contain any problem constituents, such as h i g h  grease 
levels from a restaurant or  l i n t  fibers i n  a laundromat wastewater. 

If the waste-generating sources present a t  a particul a r  establ ishment 
are similar t o  those t-ypical of a residential dwell ing,  an approximation 
f the pollutant mass loadings and concentrations of the wastewater pro- 
uced may be derived u s i n g  the residential wastewater quali ty data pre- 
ented i n  Tables 4-3 t o  4-5. For establishments where the waste-gener- 

i n g  sources appear s ignif icant ly  different  from those i n  a residential  
l l i n g ,  or where more refined characterization data a re  desired, a de- 
led review o f  the pertinent l i t e r a tu re ,  as well as  actual wastewater 
pl i n g  a t  the particul a r  or a simil a r  establ ishment, shoul d be conduc- 

Predicting Wastewater Characteristics 

4.4.1 General Considerations 

4.4.1.1 Parameter Design Units 

racterizing wastewaters, quantitative and qual i t a t ive  character- 
are often expressed i n  terms of other parameters. These para- 

gn units, as they may be called,  vary considerably depending 
pe of establ i shment considered. For residential  dwell i ngs  , 

ow values and pollutant contributions are  expressed on a per 
i t a )  basis .  Applying per capita data to  predict  total  resi-  
tewater character is t ics  requires t ha t  a second parameter be 

namely, the number of persons residing i n  the residence. 
occupancy typically ranges from 1.0 t o  1.5 persons per bed- 
ough i t  provides for  a conservative estimate, the current 

s to assume tha t  maximum occupancy i s  two persons per bedroom. 

dential establishments, wastewater characteri sti cs a re  
terms o f  a variety of units. Although per capita units are 

a physical character is t ic  o f  the establishment, such as per 
r s t a l l ,  or per square f o o t ,  i s  more commonly used. 
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4.4.1.2 Factors of Safety 

To account f o r  the potential var iab i l i ty  i n  the wastewater characte 
i s t i c s  a t  a particular dwelling or  establishment, versus tha t  o f  t 
average, conservative predictions or factors of safety a re  typica 
uti l ized. These factors of safety can be applied indirect ly ,  thro 
choice o f  the design wastewater character is t ics  and the occupancy pa 
terns,  as well as  direct ly  through an overall factor. For example, i 
an average daily flow of 75 gpcd (284 lpcd) and an occupancy o f  t w  
persons per bedroom were selected, the flow prediction for  a three 
bedroom home would include a factor of safety o f  approximately 3 whe 
compared to  average conditions (i.e., 45 gpcd E170 lpcdl and 1 perso 
per bedroom). If a d i rec t  factor of safety were also applied (e.g. 
1.25), the total  factor of safety would increase to  approximately 3.75. 

Great care mus t  be exercised i n  predicting wastewater character is t ics  so 
as  not  t o  accumulate multiple factors of safety which would yield an 
extremely overconservative estimate. 

4.4.2 Strategy f o r  Predicting Wastewater Characteristics 

Predicting wastewater character is t ics  from rural developments can be a 
compl ex task. Fol 1 owing a 1 ogical step-by-step procedure can he1 p 
simp1 i fy the characterization process and render the estimated waste- 
water character is t ics  more accurate. A flow chart  detail  i n g  a procedure 
f o r  predicting wastewater character is t ics  i s  presented i n  Figure 4-3. 

66 



FIGURE 4-3 

STRATEGY FOR PREDICTING WASTEWATER CHARACTERISTICS 

Determine Primary Function of Faaility 
and Classify It Accordingly 

(e.g.. Single-Family Home, Restaurant ... ) 
j 

Identify Intended Application of Wastewater 
Characterization Data 

.I 
Identify Wastewater Characterization 

Data Needed (e.g., 0, BOD L) 

J. 
Determine Physical Characteristics of Facility 

0 Wastewater Generating Fixtures and Appliances 

0 Parameter Design Units (e.g., Bedrooms, 

0 Occupancy or Operation Patterns (e.g., 

Seating Spaces ... ) 

Seasonal Home, Hours of Operation ... ) 
I 

Obtain Characterization Data from Literature 

0 Tables and Text of This Chapter 

0 Reference and Bibliography Attached 

0 Other Sources 

tc This Chapter 

1 

Gather Existing Measured Characterization Data 
Applicable to  Facility 

0 Water Meter Records 

0 Holding Tank Pumpage Records 

Conduct Characterization 
Field Studies at Facility 
in Question or a Very 
Similar One 
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CHAPTER 5 

WASTEWATER MODIFICATION 

70 

5.1 Introduction 

The characteristics of the influent wastewater can have a major impact 
on most any onsite treatment and disposal/reuse system. To enhance con- 
ventional strategies, and to  encourage new ones, methods can be used t o  
modify the typical characteristics of the influent wastewater. 

Methods for  wastewater modification have been developed as  pa r t  of 
three, basic interrelated strategies: water conservation and wastewater 
flow reduction, pollutant mass reduction, and onsite containment for  
offsite disposal.  Each strategy attempts to  reduce the flow volume or 
t o  decrease the mass of key po l lu t an t s  such as oxygen-demanding sub- 
stances, suspended solids, nutrients, and pathogenic organisms i n  the 
influent wastewater t o  the onsite disposal system. 

Although the primary thrust o f  this chapter i s  directed toward resi- 
dential dwell ings ,  many of the concepts and techniques presented have 
equal o r  even greater appl  icat ion t o  nonresidential establ ishments. 
Good practice dictates t h a t  water conservation/fl ow reduction be 
employed t o  the maximum extent possible i n  a dwelling served by an 
onsi te wastewater system. 

A t  the onset, there are several general considerations regarding waste- 
water modification. First, there are a number o f  methods available, 
including a wide variety of devices, fixtures, appl iances, and systems. 
Further, the number of methods and the diversity of their characteris- 
t i c s  is  ever growing. In many cases, the methods involve equipment 
manufactured by one o r  more companies as proprietary products. In this 
chapter, only generic types of these products are considered. Also, 
many methods and system components are presently i n  various stages of 
development and/or appl icat ion;  therefore, only prel iminary or projected 

eration and performance information may be available. F ina l ly ,  the 
racteristics of many of the methods discussed may result i n  their 
conformance w i t h  existing 1 oca1 pl umbi ng codes. 



5.2 Water Conservation and Wastewater F1 ow Reduction 

An extensive array of techniques and devices are available to  reduce the 
average water use and concomitant wastewater f l  ows generated by i n d i v i -  
dual water-using ac t iv i t i e s  and, i n  t u r n ,  the total  eff luent  from the 
residence or establ i shment. The diversity of present wastewater f l  ow 
reduction methods i s  i l lus t ra ted  i n  Table 5-1. As shown, the methods 
may be divided into three major groups: (1) elimination o f  nonfunc- ' 

tional water use, ( 2 )  water-saving devices, f ixtures ,  and appliances; 
and ( 3 )  wastewater recycl e/reuse systems. 

5.2.1 Elimination o f  Nonfunctional Water Use 

asteful water use habits can occur w i t h  most water-using ac t iv i t ies .  A 
ew i l l u s t r a t ive  examples include us ing  a t o i l e t  f l u s h  t o  dispose of a 

r e t t e  b u t t ,  allowing the water t o  r u n  while brushing  teeth or shav- 
or operating a clotheswasher or dishwasher w i t h  only a par t ia l  . Obviously, the potential for  wastewater flow reductions through 

ination of these types of wasteful use vary tremendously between 
s, from minor t o  s ignif icant  reductions, depending on existing 

5.2.1.1 Improved Plumbing and Appliance Maintenance 

or apparently insignificant leaks from household fixtures and ap- 
s can waste large volumes of water and generate similar quanti- 

Most notable i n  th is  regard are leaking t o i l e t s  and 
g faucets. For example, a steadily d r i p p i n g  faucet can waste up 
ral hundred gallons per day. 

wastewater. 

5.2.1.2 Maintain Nonexcessive Water Supply Pressure 

flow ra te  through s i n k  and basin faucets, showerheads, and 
xtures i s  h i g h l y  dependent on the water 'pressure i n  the water 

For most residential uses, a pressure of  40 p s i  (2.8 kg/ 
quate. Pressure i n  excess of this can resul t i n  unnecessary 
and wastewater generation. To i l l u s t r a t e ,  the flow ra t e  

cal faucet opeied fu l ly  i s  about 40% higher  a t  9 supply 
p s i  (5.6 kg/cm ) versus t h a t  a t  40 p s i  (2.8 kg/cm 1. i 
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TABLE 5-1 

EXAMPLE WASTEWATER FLOW REDUCTION METHODS 

I. E l i m i n a t i o n  o f  Nonfunctional Water Use 

Improved p l  umbi ng and appl  i ance mai ntenance 
Nonexcessi ve water supply pressure 

A. Improved water use h a b i t s  
B. 
C. 

I I. Water-Savi ng Devices, F i  xtures,  and Appl i ances 
A. T o i l e t  

1. Water car r iage t o i l e t s  
a. T o i l e t  tank i n s e r t s  
b. Dual - f l u s h  t o i  1 e t s  
c. Water-saving t o i l e t s  
d. Very low-volume f l u s h  t o i l e t s  

(1) Wash-down f l u s h  
(2) Mechanical ly a s s i s t e d  

o Pressur ized tank 
o Compressed a i r  
o Vacuum 
o Gr inder  

Non-water car r iage t o i  1 e t s  
a. P i t  p r i v i e s  
b. Composti ng t o i  1 e t s  
c. I n c i n e r a t o r  t o i  1 e t s  
d. O i  1 -carr iage t o i  1 e t s  

B. Bathing devices, f i x t u r e s ,  and appl iances 
1. Shower f low c o n t r o l s  
2. Reduced-fl ow showerheads 
3. On/Off showerhead Val ves 
4. Mix ing  valves 
5. 

1. Front- loading washer 
2. Adjustable cyc le  s e t t i  ngs 
3. Washwater recyc le  f e a t u r e  

1. Faucet i nser ts  
2. Faucet aerators  
3. Reduced-fl ow faucet  fi xtures  
4. Mix ing valves 
5. Hot water p ipe  i n s u l a t i o n  
6. Pressure-reduci ng Val ves 

Wastewater Recycl e/Reuse Sys tems 
A. Bath/Laundry wastewater r e c y c l e  f o r  t o i l e t  f l u s h i n g  
B. T o i l e t  wastewater r e c y c l e  fo r  t o i l e t  f l u s h i n g  
C. Combined wastewater r e c y c l e  f o r  t o i l e t  f l u s h i n g  
D. Combined wastewater r e c y c l e  f o r  several uses 

2. 

A i  r -ass i  s ted  1 ow-fl ow shower system 
C. C1 otheswashi ng devi ces, f i xtures, and appliances 

D. M i  sce l  laneous 

1 I 
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5.2 e 2 Wa ter-Savi ng Devi ces, F i  xtures, and Appl i ances 

The quanti ty of water tradi ti  onal ly used by a given water-usi ng fixture 
or appliance i s  often considerably greater t h a n  actually needed. 
Certain tasks may even be accomplished without the use of water. As 
presented i n  Table 4-2, over 70% of a typical residential dwelling's 
wastewater flow volume i s col l ec t i  vely generated by toi  1 e t  f l  u s h i  ng, . 
bathing, and cl otheswashi ng. Thus ,  e f for t s  t o  accomplish major 
wastewater flow reductions shoul d be di rected toward these three 
ac t iv i t i e s .  

5.2.2.1 Toilet  Devices and Systems 

ach flush of a conventional water-carriage t o i l e t  uses between 4 a n d  7 
(15 and 26 1 )  of water depending on the model and water supply 

ssure. On the average, a typical f l u s h  generates approximately 4.3 
(16 1 )  of wastewater. When coupled w i t h  3.5 uses/cap/day, a daily 

stewater flow of approximatley 16  gpcd (61 lpcd) resu l t s  (Table 4-2). 

i e ty  of devices have been developed for use w i t h  a conventional 
t o i l e t  t o  reduce the volume of water used i n  f l u s h i n g .  

t i  onal ly, a1 ternat i  ves t o  the conventi onal water-carri age toi  1 e t  a re  
ble, certain of which use l i t t l e  or no water t o  transport human 
a t e r  products. Tables 5-2 and 5-3 present a summary of a variety 

o i  1 e t  devi ces and systems. Addi ti  onal detai 1 s regardi ng the 
a te r  carriage t o i l e t s  may be found elsewhere ( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) .  

5.2.2.2 Bathing Devices and Systems 

great variation ex is t s  i n  the quantity of wastewater generated 
h or shower, typical values include approximatley 25 gal (95 1 ) 
rrence coupled w i t h  a 0.4 use/capita/day frequency to  yield a 

capita flow of about 10 gal (38 1 )  (Table 4-2). The majority 
s avai lab1 e to  reduce bathing wastewater flow volumes are 

around the act ivi ty  of showering, w i t h  their objective 
uce normal 4- t o  lO-gal/min (0.25 t o  0.63 l / s ec )  showering 
Several flow reduction devices and systems for showering a re  

zed i n  Table 5-4. The amount of total  wastewater flow 
accompl i shed w i  t h  these devices i s highly dependent on 
user habits. Reductions vary from a negative value t o  as 

% of the total  wastewater volume. 
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Generic Typea 

P i t  Pri vy 

TABLE 5-3 

WASTEWATER FLOW REDUCTION - NON-WATER CARRIAGE TOILETS 

Description 

Hand-dug hole i n the  
ground covered with a 
squat t ing p l a t e  or 
stool /seat  with an 
enclosing house. 

May be sealed vaul t  
ra ther  than dug hole. 

Similar t o  p i t  privy 
except organic matter 
i s  added a f t e r  each 
use. When p i t  i s  
f u l l  i t  i s  allowed t o  
compost f o r  a period 
of about 1 2  months 
prior t o  removal and 
use a s  so i l  
amendment. 

S a l  1 se l f  -contai ned 
u n i  ts accept to i  1 e t  
wastes only and 
u t i l i z e  the addi t ion 
of heat i n  
combi nation wi t h  
aerobi c bi 01 ogi cal 
a c t i v i t y  t o  s t a b i l i z e  
human excreta. 

Variet ies :  Several. 

Larger units w i t h  a 
separated 
decomposition 
chamber. Accept 
t o i l e t  wastes and 
other organic matter, 
and over a long time 
peri od s tab i  1 i ze 
excreta through 
biological a c t i v i t y .  

Variet ies :  Several 

Develop- 
ment 
Stageb 

4 

4 

3-4 

3-4 

Appl i c a t i  on 
Consi derat i  ons 

Requires same s i t e  
conditions a s  f o r  
wastewater disposal 
( see  Chapter 81, 
unl ess  seal ed vaul t .  

Handles only t o i l e t  
wastes 

Outdoor i n s t a l l a t i o n .  

May be constructed by 
user. 

Can be constructed 
independent of s i t e  
conditions i f seal ed 
vault. 

Ha ndl es  only to i  1 et  
waste and garbage. 

May be constructed by 
user. 

Outdoor i nstal l a  ti on. 

Residuals di sposal . 

Ins ta l la t ion  requires  
4-i n .  diameter roof 
vent. 

Handles only t o i l e t  
waste. 

Set usage capacity. 

Power required. 

Resi duals d i  sposal . 

Ins ta l la t ion  requires  
6- t o  1 2 - i n .  diameter 
roof vent and space 
beneath f loor  f o r  
decomposi t i  on 
chamber. 

Handles t o i l e t  waste 
and some kitchen 
waste. 

Set usage capacity. 

May be d i f f i c u l t  t o  
r e t r o f i t .  

Resi dual s di sposal . 

Operati on and 
Maintenance 

When f u l l ,  cover w i t h  
2 f t  of so i l  a n d  
construct new p i t .  

Addition of organic 
matter a f t e r  each 
use. 

Removal and 
disposal /reuse o f  
composted m t e r i  a1 . 

Removal and disposal 
of composted material 
quarterly. 

Power use = 2.5 
KwH/day . 
Heat 1 oss through 
vent. 

Peri odic addition of 
organic matter. 

Removal of composted 
material a t  6 t o  24 
month in te rva ls .  

Power use = 0.3 t o  
1.2 KwH/day. 

Heat 1 oss through 
vent. 
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TABLE 5-3 (conti nued) 

Develop- 
ment 

Generic Typea Descri p t i  on Stageb 

Inc ine ra to r  %a1 1 sel f -contai  ned 3 
uni  t s  which 
v o l a t i  1 i ze the 
organic components o f  
human waste and 
evaporate the  
1 i qui  ds. 

Va r ie t i es :  Several. 

O i l  Recycle Systems use a mineral 2 
o i l  t o  t ranspor t  
human excreta from a 
f i x t u r e  ( s i m i l a r  i n  
appearance and use t o  
conventional ) t o  a 
storage tank. O i l  i s  
p u r i f i e d  and reused 
f o r  f lush ing .  

Va r ie t i es :  few. 

a None o f  these devices uses any water; therefore,  
amount o f  conventional t o i l e t  use: 16.2 gpcd o r  
quant i  t i e s  o f  po l  1 u tan ts  (i ncl  udi  ng N, BODS, SS, 
wastewater stream. 

1 = Prototype developed and under evaluat ion.  
2 = Devel opment complete; commerci a1 produc t ion  i 

3 = F u l l y  developed; l i m i t e d  use, n o t  l o c a l l y  ava 
4 = F u l l y  developed; l i m i t e d  use, ava i l ab le  form 
5 = F u l l y  developed; widespread use, ava i l ab le  f r  

mail order purchase. 

Appl i c a t i  on Operati  on and 
Considerations hi ntenance 

I n s t a l l a t i o n  requ i res  Weekly removal of 
4-in. diameter r o o f  ash. 
vent. 

Handles only t o i l e t  and adjustment of 
waste. burning assembly 

Power o r  f ue l  e l  ements. 
required. 

Increased noise 
1 eve1 . use. 

Resi duals disposal . 

Requires separate Yearly removal and 
p l  umbi ng f o r  t o i  1 e t  
f i x t u r e .  i n  storage tank. 

May be d i f f i c u l t  t o  
r e t r o f i t .  o i  1 p u r i f i c a t i o n  

Handles only t o i l e t  technic ian. 
wastes 

Residuals disposal. KwH/use. 

Semiannual c lean i  n9 

and/or heat i  nq 

Power use = 1.2 KwH 
o r  0.3 l b  LP gas per 

d i  sposal o f  excreta 

Yearly maintenance o f  

system by s k i l l e d  

Power use = 0.01 

the amount o f  f low reduc t ion  i s  equal t o  the  
36% o f  normal d a i l y  f low (45 gpcd). S i g n i f i c a n t  
P and pathogens) a re  there fore  removed from 

n i  t i a ted ,  bu t  d i  s t r i  b u t i  on my be r e s t r i c t e d ;  

l i l a b l e ;  mail  order purchase l i k e l y .  
l o c a l  plumbing supply houses o r  hardware stores. 
‘om l o c a l  plumbing supply houses o r  hardware stores. 
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TABLE 5-4 

WASTEWATER FLOW REDUCTION - BATHING DEVICES AND SYSTEMS 

Descri p t i  on 

Reduce f l o w  r a t e  by 
reducing the  diameter 
o f  supply l i n e  ahead 
o f  shower head. 

Vari e t i  es: Many. 

F i x tu res  s i m i l a r  t o  
conventional , .except 
r e s t r i c t  f l ow  rate.  

Va r ie t i es :  Many 
manufacturers, but  
u n i t s  s i m i l a r .  

Small valve device 
placed i n  t h e  supply 
l i n e  ahead o f  
showerhead, a1 1 ows 
shower f low t o  be 
turned ON/OFF wi thou t  
readjustment o f  
volume o r  
temperature. 

Speci f i  ca l  l y  designed 
valve con t ro l s  
temperature o f  t o t a l  
f low according t o  
predetermi ned 
set t ing.  Valve may 
be turned ON/OFF 
w i  thou t read j u s tine n t . 

Develop- 
ment 
Stageb 

.4 

4- 5 

4 

3 

79 

Appl i ca ti on 
Consi de ra t i  ons 

Compa 
e x i s t  

I ns ta  

i b l e  w i t h  most 
ng showerheads. 

l e d  by user. 

Can match t o  most 
p l  umbi ng f i  x tu re  
appearance schemes. 

Compati b l  e w i  t h  most 
conventional 
p l  umbi ng . 

Compatible w i t h  most 
conventional p l  umbi ng 
and f i x t u r e s .  

May be i n s t a l l e d  by 
user. 

May be d i f f i c u l t  t o  
r e t r o f i t .  

Water Use ’ 
gal /mi n 

1.5-3.0 

1.5-3.0 



,,' , 

Generic Typea 

Pressure- 
Ba 1 a nced 
M i  x i  ng 
Val ve 

Ai r-Assi sted 

Shower 
Sys tem 

LOW-F1 OW 

TABLE 

Description 

Speci fiCal ly designed 
Val ve m i  ntai ns. 
constant temperature 
of total flow 
regardless of 
pressure changes. 
Single control allows 
temperature t o  be 
preset. 

Speci f i  cal ly designed 
system uses 
compressed-air to 
atomize water flow 
and provide shower 
sensation. 

5-4 (conti nued)  

Appl i ca ti on 
Consi dera ti ons 

Compatible with most 
conventional pl umbi ng 
and fixtures. 

May be impossible t o  
retrofit.  

Shower location < 50 
feet of water heater. 

Requires compressed 
a i r  source. 

Power source 
required. 

Maintenance of a i r  
compres s or. 

Power use = 0.01 
KwH /u s e. 

a No reduction i n  Pollutant MISS; slight increase in p o l l u t a n t  concentration. 

1 = Prototype developed a n d  under evaluation. 
2 = Development complete; commercial production initiated, b u t  distribution my be 

=Fully developed; limited use, not  lacally available; mail order purchase 

= Fully developed; limited use, available from local plumbing supply houses or 

5 = Fully developed; widespread use, available from local plumbing supply houses or 

restricted; mail order purchase. 

hardware stores. 

hardware stores. 

Devel op - 
men t 
Stageb 

4 

2 



5.2.2.3 Clotheswashing Devices and Systems 

The operation of conventional cl otheswashers consumes varying quanti t i e s  
of water depending on the manufacturer and model of the washer and the 
cycle selected. For most, water usage i s  23 t o  53 gal (87 t o  201 1 )  per 
usage. Based on home water use monitoring, an average water use/waste- 
water flow volume of approximately 37 gal (140 1)  per use has been iden- 
t i f i e d ,  w i t h  the clotheswasher contributing about 10.0 gpcd (38 lpcd) o r '  
22% of the total  daily water use/wastewater flow (Tab1 e 4-2). Practical 
methods t o  reduce these quanti t i e s  are somewhat 1 imi ted . E l  imi nati ng 
wasteful water use habits,  such as washing w i t h  o n l y  a Dartial load, i s  
ne method. Front-1 oading model automatic washers can reduce water used 
or a comparable load of clothes by up t o  40%. In addition, wastewater 
low reductions may be accompl ished through use of a clotheswasher w i t h  
i t he r  adjustable cycle set t ings for  various load s izes  or a wash water 
ecycl e feature. 

wash water recycle feature i s  included as an optional cycle set t ing 
several commerci a1 l y  made washers. Sel ection of the recycle feature 

washing provides for  storage of the wash water from the wash cycle 
a nearby laundry s i n k  or a reservoir i n  the bottom of the machine, 

subsequent use as the wash water for  the next load. The rinse 
es remain unchanged. Since the wash cycle comprises about 45% of 

otal water use per operation, i f  the wash water is  recycled once, 
17 gal (64 1 )  will be saved, i f  twice, 34 gal (129 1 )  , and so . Actual water savings and wastewater flow reductions are h i g h l y  
ent on the user's cycle selection. 

5.2.2.4 Miscellaneous Devices and Systems 

a number of additional devices, f ixtures ,  and appliances 
to help reduce wastewater flow volumes. These are  directed 
toward reducing the water flow ra te  through s i n k  and basin 

e 5-5 presents a summary of several of these additional 
devices. Experience w i t h  these devices indicates t ha t  

volume can be reduced by 1 t o  2 gpcd ( 4  t o  8 lpcd) when used 
k and basin faucets. 

Wastewater Recycle and Reuse Systems 

recycle and reuse systems co l lec t  and process the en t i re  
flow or the fractions produced by certain ac t iv i t i e s  w i t h  

subsequent reuse. The performance requirements of any 
recycle system are established by the intended reuse 

To simp1 i fy  the performance requirements, most recycle 
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TABLE 
WASTEWATER FLOW REDUCTION - MIS[ 

Generic Typea 

Faucet 
Inserts 

Descri p t i  on 

Device whi  ch i nserts 
into faucet valve or 
supply line and 
restricts flow rate 
w i t h  a f i x e d  or 
pressure 
compensa ti ng 
ori f i  ce. 

Varieties: Many. 

Faucet Devices attached t o  
Aerators faucet outlet w h i c h  

entrain a i r  i n t o  
water fl ow. 

Varieties: Many. 

Reduced-F1 ow 
Faucet conventional u n i t ,  
Fixtures b u t  restrict flow 

Si m i  1 a r t o  

rate w i  t h  a fixed or 
pressure 
compensa ti ng 
ori f i  ce. 

Varieties: Many. 
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:ELLANEOUS 

Develop- 
ment 
Stageb 

4 

5 

4 

aerator screens. 

Installation 
identical t o  
conventional. 



TABLE 5-5 (continued 

Develop- 
ment Appl i ca ti on 

Descri p t i  on Stageb Consi derati ons 

Speci f i  cal l y  
desi gned Val ve units 
which allow flow and 
temperature t o  be Instal l a t i o n  
set  w i t h  a si ngle identical  t o  
control. conventional . 

5 Compati b l  e w i  t h  most 
pl  umbi ng. 

Vari eti es: Many. 

Hot water p i p i n g  i s  
wrapped w i t h  
i nsu l  a ti on t o  reduce 
heat loss from h o t  
water standi ng i n  
pi  pe between uses. 

Vari eti es: Many. 

U 

a 
11 
't 

Ntant mass; insign 

)ped and under eva 
ete; commercial p 
;ri ced. 
limited use, not  

l imited use, loca 
hardware stores. 
widespread use, 1 
hardware stores. 
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li f i  cant 

l u a t i o n  
lro duc ti 

1 ocal ly  

l l y  ava 

ocal l y  

i ncr 

I. 

on i r  

avai 

i l a b l  

avai 1 

May be di f f i  cul t t o  
retrofit. 

'ease 

i i  t i a  

lab1  

e fr  

ab1 e 

1 i n  p o l l u t a n t  

ted, b u t  

e; mail order 

Nom pl  umbi ng 

I from pl umbi ng  



A second strategy fo r  wastewater modification is  directed toward 
decreasing the mass o f  potential pollutants a t  the source. This may 
i n v o l v e  the complete el imiriation of the p o l l u t a n t  mass contributed by a 
given activity o r  the i so la t ion  of the p o l l u t a n t  mass i n  a concentrated 
wastewater stream. In Table 5-7, several methods f o r  po l lu t an t  mass 
reduction are out1 ined. 

5.3.1 Improved User Habits 

Unnecessary q u a n t i  t i es  o f  many po l lu t an t s  enter the wastewater stream 
when materials, which could be readily disposed o f  i n ,  a s o l i d  waste 
form, are added t o  the wastewater stream. A few examples include 
f l  u s h i  ng d i  sposabl e diapers o r  sanitary napkins  down the t o i l  e t  , o r  
using ho t  water and detergents t o  remove quantities of solidified grease 
and food debris from pots  and pans t o  enable their discharge down the 
sink drain.  

5.3.2 Cleaning Agent Selection 

e use of certain cleansing agents can contribute significant quant i -  
es of pollutants. In particular, cleaning activities, such a s  
otheswashing and d ishwdshing ,  can account for  over 70% of the phos- 
rus i n  residehtial wastewater (Tab1 e 4-4). Detergents are readily 
ilable t h a t  contain a low amount of phosphorus compared t o  other 

systems process only the wastewaters discharged from b a t h i n g ,  1 aundry, 
and bathroom sink usage, and restrict the use of the recycled water t o  
f l u s h i n g  water-carriage toilets and possibly 1 awn irrigation. A t  t h  
other extreme, systems are under development that process the entir 
wastewater flow and recycle i t  as a potable water source. 

The flow sheets proposed for residential recycle systems are numero 
and varied, and typically employ various combinations of the u n i t  p r  
cesses described i n  Chapter 6, complemented by specially designed co 
trol networks. In Table 5-6, several generic units are characterize 
according t o  their general recycle flow sheet. 

5.3 Pollutant Mass Reduction 
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TABLE 5-7 

EXAMPLE POLLUTANT MASS REDUCTION METHODS 

I. Improved User Habits 

11. Cleaning Agent Se lec t ion  

11.1. Elimination of Garbage Disposal Appliance 

IV. Segregated Toi 1 e t  Systems 

A. Non-Water Carr iage  T o i l e t s  
B. 
C. 

Very Low-Volume F l u s h  Toi le ts /Holding Tank 
C1 osed Loop Wastewater Recycl e Systems 

5.3.3 E l  imination of the Garbage Disposal Appl iance 

se of a garbage disposal  con t r ibu te s  subs t an t i a l  q u a n t i t i e s  o f  BOD5 
spended s o l i d s  t o  the wastewater load (Table  4-4). As a result, 

been shown t h a t  the use of a garbage disposal  may increase the 
f s ludge and scum accumulation and produce a higher  f a i l u r e  r a t e  
nventional disposal systems under otherwise comparable cond i t ions  
For these reasons,  a s  well a s  the f a c t  t h a t  most waste handled by 
age disposal  could be handled as  s o l i d  wastes,  the e l imina t ion  of 
pl i ance  i s advi sable .  

.4 Segregated T o i l e t  Systems 

t o i l e t  systems can be used t o  provide f o r  segrega t ion  and 
handling of human excre ta  (of ten  referred t o  a s  blackwater)  
ome cases ,  garbage wastes. Removal of human excre ta  from the 

stream serves t o  eliminate s i g n i f i c a n t  q u a n t i t i e s  of 
, ~ p a r t i c u l a r l y  suspended s o l i d s ,  ni t rogen,  and pathogenic 

poten t ia l  s t r a t e g i e s  f o r  management of segregated human 
resented i n  Figure 5-1. A discussion of the t o i l e t  systems 
presented i n the wastewater f l  ow reducti on secti on o f  t h i s  

e d e t a i l s  regarding the o ther  u n i t  processes  i n  the flow 
found i n  Chapter 6 .  
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A1 though residential  graywater does contain pollutants and m u s t  be prop- 
e r ly  managed, graywater may be simpler t o  manage than to ta l  residential  
wastewater due t o  a reduced flow volume. While diverse s t ra teg ies  have 
been proposed fo r  graywater management (F igu re  5-21, rigorous f ie ld  
evaluations have not been conducted i n  most cases. U n t i l  further f ie ld  
data become available,  i t  is  recommended t h a t  graywater treatment and 
disposal/reuse systems be designed a s  for  typical residential  wastewater 
(as  described i n  Chapter 6 ) .  Design allowances should be made only for  
the reductions i n  flow volume, a s  compared t o  typical residential  
wastewater. 

5.4 Onsite Containment - Holding Tanks 

Wastewaters may be contained on si te using holding tanks, and then 
transported off si te f o r  subsequent treatment and disposal. In many 
respects, the design, ins ta l la t ion ,  and operation of a holding tank i s  
s imilar  t o  t h a t  f o r  a septic tank ( a s  described i n  Chapter 6 ) .  Several 
additional considerations do exist, a s  indicated i n  Table 5-8. A d i s -  
cussion regarding the disposal of the pumpage from holding tanks is  pre- 
sented i n  Chapter 9 of this manual. 

Wastewaters generated by f ix tures  other than t o i l e t s  a re  often referr 
t o  col lect ively a s  "graywater." Characterization studies have demo 
s t r a t ed  tha t  typical graywater contains appreciable quanti ties 
organic matter, suspended sol ids ,  phosphorus and grease i n  a daily f l  
volume of 29 gpcd (110 lpcd) (7)(8)(9)(10)(11)(12)(13)(14)(15) ( s  
Table 4-41. I ts  temperature a s  i t  leaves the residence is  i n  the ran 
of 31" C ,  w i t h  a pH s l igh t ly  on the alkal ine side. The organic mater 
als i n  graywater appear t o  degrade a t  a r a t e  not s ignif icant ly  differe 
from those i n  combined residential  wastewater (15). Microbiologic 
studies have demonstrated t h a t  s ignif icant  concentrations of indicator 
organisms a s  to ta l  and fecal coliforms a re  typically found i n  graywater 
(7)(11)(12)(13)(14)(15).  One should assume, therefore,  t h a t  graywater 
harbors pathogens. 

5.5 Re1 iab i l  i t y  

An important aspect of wastewater modification concerns the re1 iab i l  i ty 
of a given method t o  yield a projected modification a t  a specific 
dwel l ing  o r  establishment over the long term. T h i s  i s  of par t icular  
importance when designi ng an onsi te wastewater disposal system based on 
mod$ f i e d  wastewater character is t ics .  
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FIGURE 5-1 

EXAMPLE STRATEGIES FOR MANAGEMENT OF SEGREGATED HUMAN WASTES 

Human Wastes 

* 
Privy Compost Toilet Very Low-Volume Closed Loop Incinerator 

I 
Flush Toilet Recycle Toilet Toilet 

1 I 4 I 
Disinfection LJ 

$. 

I 

Treatment 

Soil Amendment Disinfection 
Disposal 

I 

Disposal Treatment 
Plant 

FIGURE 5-2 

EXAMPLE STRATEGIES FOR MANAGEMENT OF RESIDENTIAL GRAYWATER 

Graywater 

C he m ica I C he m ica I 
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TABLE 5-8 

ADDITIONAL CONSIDERATIONS IN THE DESIGN, 
INSTALLATION, AND OPERATION OF HOLDING TANKS 

I tem Consi dera ti on 

Si zi ng Liquid holding capacity >7 days 
wastewater flow generation. Min 
capacity = 1,000 .gallons. 

mum 

Discharge There s h o u l d  be no discharge. 

Alarm System High water alarm positioned t o  a low a t  
l ea s t  3 days storage a f t e r  activation. 

Accessi b i  9 i ty  Frequent pumping i s  l ikely; therefore 
holding tank(s) must be readily accessible 
t o  pumpi ng vehicle. 

Large tanks may be subject t o  severe 
f l  otat i  on forces i n h i g h  groundwater areas 
when pumped. 

Frequent pumping and residual s di sposal 
resul t s  i n very h i  gh operati ng costs.  

F1 o ta t i  on 

Cost 

sessing the r e l i a b i l i t y  of wastewater modification methods i s  a com- 
x task which includes considerations of a technological $ sociologi- 

economic, and inst i tut ional  nature. Major factors affecting 
iabil  i ty incl ude: 

1. The actual wastewater character is t ics  prior t o  modification 

2, 

3- Instal 1 ation. 

compared to  the average. 

User awareness and influence on method performance. 

Method performance. 

User circumvention or removal. 
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In  most s i tuat ions,  projections of the impact of a wastewater modifica- 
t ion method must necessarily be made, assuming the wastewater charac- 
t e r i s t i c s  prior to  modification are reasonably typical. I f  the actual 
wastewater character is t ics  deviate significantly from t h a t  of the aver- 
age, a projected modification may be inaccurate. 

The prospective user should be fu l ly  aware of the character is t ics  of a 
method considered for  use prior t o  i t s  application. Users who become , 

aware of the character is t ics  of a method only a f t e r  i t  has been p u t  in to  
use are more l ike ly  to  be dissat isf ied and attempt to  circumvent or  
otherwise a1 t e r  the method and negate the wastewater modification 
expected . 

general , passive wastewater modification methods .or devices not sig- 
f icant ly  affected by user habits tend to  be more rel iable  t h a n  those 
ich a re  subject t o  user habits and require a preconceived active role 

the users. For example, a low-flush t o i l e t  i s  a passive device, 
i l  e a f l  ow-reducing shower head i s  an active one. 

l l a t i on  of any devices or systems should be made by qualified 
nnel. In many s i tuat ions,  a post-installation inspection i s  
mended to ensure proper functioning of the device or system. 

d performance i s  extremely important i n  assessing the re1 iabi l  i t y  
rojected modification. Accurate performance data are  necessary 
a t e  the magnitude of the reduction, and to  predict  the l i k e l i -  
t the method will receive long-term user acceptance. Accurate 
nce data can only be obtained through the results of f i e ld  t e s t -  

Since many methods and system components are pres- 
various stages of development, only prel iminary or  projected 

n and performance data may be available. T h i s  preliminary o r  
d data shoul d be considered cautiously. 

valuations. 

ued employment of a wastewater modification method can be 
through several management actions. First, the user( s)  

ade fu l ly  aware of the potential consequences i f  they should 
employing the modification method (e.g., system fa i lure ,  

t ion,  rejuvenation costs ,  e tc . ) .  A1 so, the appropriate man- 
thori t y  can approve only those methods whose character is t ics  
indicate a potential for long-term user acceptance. Further 
n of a device or system can be made i n  such a manner as to  
disconnection or rep1 acement. Finally periodic inspections 
inspector w i t h i n  the framework .of a sanitary d i s t r i c t  o r  the 
rve to  identify plumbing a1 terat ions;  corrective orders could 
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To help ensure t h a t  a projected modification will actually be realized 
a t  a given s i te ,  efforts can be expended t o  accomplish the following 
tasks: 

1. Confirm that the -actual wastewater characteristics prior 

2. Make the prospective user(s) of the modification method ful 

modification are typical. 

aware of the characteristics of the method, including i t s  
a t i o n ,  maintenance, and costs. 

been confirmed through actual fie1 d evaluations. 
3. Determine i f  the projected performance of a given method h 

4. Ensure t h a t  any devices or systems are installed proper' 

5. Prevent user removal o r  circumvention of devices, systems, or 

competent personnel . 
methods. 

5.6 Impacts on Onsite Treatment and Disposal Practices 

5.6.1 Modi f i ed Wastewater Charac teri s t i  c s 

Reducing the household wastewater f l  ow vol ume w i t h o u t  reducing the mass 
pollutants contributed will increase the concentration of pollutants 
the wastewater stream. The increase i n  concentrations will 1 ike- 
ignificant for most flow reduction devices . w i t h  the exception o f  
se producing flow reductions of 20% o r  more. The increase i n  po l lu-  
t concentrations i n  any case may be estimated u t i l i z i n g  Figure 5-3. 

5.6.2 Wastewater Treatment and Disposal Practices 

ble 5-9, a brief summary of several potential impacts t h a t  
ter  modification may have on onsite disposal practices is  
ed. I t  must be emphasized t h a t  the benefits derived from 
ter modification are potentially significant. Wast- - I -  
t i o n  methods, particularly wastewater flow reduction, should be 
ed an integral par t  of any onsite wastewater disposal system. 
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FIGURE 5-3 

FLOW REDUCTION EFFECTS ON POLLUTANT CONCENTRATIONS 

'ii y 

0 10 20 30 40 

Wastewater Flow Reduction, percent of total daily f l ow  

(Assumes Pollutant -Contributions the Same 
Under the Reduced Flow Volume) 
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POTENT 

Disposal System 
Type 

IAL IMPACTS 
ON ONSITE 

Modificatio 
F1 ow 

Reduction 
- 

4 i 

j 
1 

TABLE 5-9 

OF WASTEWATER MODIFICATION 
D I SPOSAL PRAC T ICE S 

n Practice 
Pollutant 
Reduction - 

All Disposal 

X 

X 

X 

Surface D i  sposal 

X 

X 

X X 

X X 

X 

X 

X 

X 

Potential Impact 

v 
P r  

functioning systt,,,, ,,uI; 
cannot quantify. 

Reduce water resource 
contami nat ion.  

Simplify s i te  constraints. * A 
> &  

Reduce frequency of septic 
tank pumpi ng. 

Reduce sizing of 
i nf i 1 t r a  ti ve a rea. 

Remedy hydraul ical ly 
overl oaded system. 

Reduce component 0 and M 
costs. 

Reduce sizing of components. 

Remedy hydraulically 
overl oaded sys tem. 

Remedy a hydraul i cal ly 
overloaded system. 

Reduce sizing of ET area. 

Reduce frequency o f  pumpi ng. 
J u' Reduce sizi ng of containment 

basin. 
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